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Reconstruction from k-Space Samples

 Practical application in several imaging modalities 

 Computed Tomography (CT): radial sampling

 Magnetic Resonance Imaging (MRI):  several nonuniform 

sampling strategies are used such as radial, spiral, and random 

sampling

 Main problem: how to compute Inverse 2D DFT to 

compute the image!



Nuclear Magnetic Resonance

 Magnetic resonance phenomenon

 Nucleus acts as a tiny bar magnet

 In the presence of external magnetic field, such tiny magnets 

are arranged randomly

 Net magnetization at steady state = 0

 In the presence of a strong magnet field, tiny magnets 

tend to align along the field

 Probability can be computed from Boltzmann ratio

 Nonzero net magnetization results

 Precession frequency given by Larmor Eqn.

 =  B0



Magnetic Resonance Imaging

 RF energy applied at the Larmor frequency cause 

nutation of the net magnetization

 Make it possible to measure the MR net magnetization

 Relaxation to steady state magnetization after it is removed 

induces RF signal in reception coils

 Using spatial encoding, an image can be constructed from 

the received signal



MRI: Data Collection

 MR Imaging sequences

 B0 is applied all the time

 RF pulse to excite the spins

 Magnetic field gradients for spatial encoding

 Data sampling

 The simplest case is when the sampling is rectilinear

 k-space trajectory is zeroth gradient moment

 k-space is uniformly sampled 2D FT of the image

 Image can be reconstructed using inverse DFT



General Reconstruction Problem
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Specific Problems

 Anatomical Imaging

 Reconstruction from nonuniformly sampled k-space (Gridding)

 Reconstruction from partial Fourier data (Partial Fourier)

 Reconstruction from k-space magnitude-only data (Motion 

correction)

 Reconstruction for parallel imaging (Parallel imaging)

 Functional Imaging

 Reconstruction of connectivity maps using diffusion tensor 

imaging (DTI)



Gridding Problem

Sampled data Image 

Reconstruction 

System

MR Image

Sampling Pattern



Conventional Gridding

 Conventional gridding through convolution with 

interpolation kernel (O’Sullivan, 1985; Jackson et al., 1991; 

Meyer et al., 1992)

2D 

Convolution

Selection of 

Gridding 

Kernel

Acquired 

k-space 

Data

Sampling 

Density 

Compensation

Inverse 2D 

FFT

Apodization 

Removal

Image

Sampling 

Trajectory



Meyer Gridding Algorithm



Meyer Gridding Algorithm
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Jackson Gridding Window Selection



Jackson’s Gridding Window Selection



Exercise

 Do a literature search on the problem of nonuniform 

sampling in 2D and summarize your findings about the 

sampling criteria to avoid aliasing in less than 500 words 

(in addition to a list of references). [1 Point]

 (a) Write a program to generate radial k-space sampling 

of the Shepp-Logan phantom. (b) Write a program to 

perform gridding on the generated radial k-space data to 

compute an image. [Parts (a)+(b) together = 2 Points]

 In less than 500 words, describe how one can compare 

the quality of different reconstruction methods and/or 

parameters based on measurements from the generated 

images. [1 Point]


